Abstract For the numerical simulation of journal bearings, current software solutions use the Reynolds differential equation where inertia terms are not included. The Finite Difference Element Method (FDEM) is a black-box solver for nonlinear systems of elliptic and parabolic partial differential equations (PDEs). Based on the general black-box we implement the Reynolds equation with the nonlinear inertia terms for the simulation of a journal bearing. We can easily implement different models for the turbulence factors and the dynamic viscosity, and we also consider cavitation. We give results for grids with different microstructure for Reynolds number Re = 24,500, and we also give a global error estimate for each of the cases. This shows the quality of the numerical solution and is a unique feature of FDEM. Furthermore, we demonstrate the scalability of the code.
Introduction
This paper is the continuation of [1] where we first demonstrated the usefulness of FDEM for the numerical simulation of journal bearings. We want to compute the pressure in journal bearings considering turbulence and inertia effects. The theory and the derivation of the PDEs used in this simulation is explained in [4] and [10] . The simulation is based on the Reynolds differential equation which can be extended by turbulence and inertia terms under specific restrictions, see [7, 9] , resulting in
with the notation given in Table 1 . The turbulence factors G μ give the turbulence effects, and the terms on the right hand side of the equal sign are the inertia terms. In (1) we dropped the time derivative, so that we obtain a 2D elliptic PDE for the pressure. In comparison to the full model, this yields a considerable decrease of numerical complexity, however, stability of the numerical process is complicated to control.
For a detailed description of PDE (1) and its derivation, see [1] . There we also illustrate the computation of the bulk velocities, the momentum fluxes, the turbulence factors and the density as well as the implemented models of Barus [2] and Roelands [8] for the dynamic viscosity.
For the numerical simulation we use the Finite Difference Element Method (FDEM) program package. It is a black-box solver for the solution of arbitrary nonlinear systems of 2D and 3D elliptic and parabolic PDEs. We extended the Finite Difference Method to unstructured Finite Element grids, and the user may put into FDEM any system of PDEs on any unstructured domain that may even consist of several subdomains with different PDEs, and FDEM computes together with the solution an error estimate, which is a unique feature for such a general-purpose black-box solver. FDEM is described in detail in [11, Chap. 2] . The code is parallelized with MPI [6] , and the large and sparse linear system of equations resulting
